BACKGROUND: Young adults are less likely than older adults to be aware they have hypertension or to be treated for hypertension. OBJECTIVE: To describe rates of hypertension awareness and control in a cohort of young adults and understand the impact of health insurance, utilization of preventive care, and self-perception of health on rates of hypertension awareness and control in this age group. DESIGN AND PARTICIPANTS: Cross-sectional study of 13,512 young adults participating in Wave IV of the National Longitudinal Study of Adolescent Health in 2007-2008. MAIN MEASURES: We defined hypertension as an average of two measured systolic blood pressures (SBP) ≥ 140 mmHg, diastolic blood pressures (DBP) ≥ 90 mmHg, or self-report of hypertension. We defined hypertension awareness as reporting having been told by a health care provider that one had high blood pressure, and assessed awareness among those with uncontrolled hypertension. We considered those aware of having hypertension controlled if their average measured SBP was < 140 mmHg and DBP was < 90 mmHg. KEY RESULTS: Of the 3,303 young adults with hypertension, 2,531 (76 %) were uncontrolled, and 1,893 (75 %) of those with uncontrolled hypertension were unaware they had hypertension. After adjustment for age, sex, race/ethnicity, weight status, income, education, alcohol and tobacco use, young adults with uncontrolled hypertension who had (vs. didn't have) routine preventive care in the past 2 years were 2.4 times more likely (95 % confidence interval [CI] 1.68-3.55) to be aware, but young adults who believed they were in excellent (vs. less than excellent) health were 64 % less likely to be aware they had hypertension (OR 0.36,. Neither preventive care utilization nor self-rated health was associated with blood pressure control.
INTRODUCTION
Hypertension is a strong risk factor for the development of cardiovascular and chronic kidney disease. [1] [2] [3] Hypertension places a large financial strain on the healthcare system, with estimated direct and indirect costs as high as $93.5 billion in health care services and missed work in 2010. 4 Unfortunately, studies continue to demonstrate high rates of uncontrolled hypertension in the US, especially among those unaware of their diagnosis. Data from 2003-2010 National Health and Nutrition Examination Surveys (NHANES) show that over half of the 30 % of US adults aged ≥ 18 years who have hypertension have uncontrolled hypertension, and 39 % of those with uncontrolled hypertension are unaware that they have elevated blood pressure. 5 Despite the importance of early diagnosis and treatment of hypertension for the prevention of cardiovascular disease (CVD), young adults ages 18-39 years in NHANES are less likely to be aware they are hypertensive (59 % vs. 84 %) and are less likely to be receiving treatment for their hypertension (40 % vs. 77 %) compared to older adults. 6 Several factors may contribute to lack of awareness and treatment of hypertension in young adults. Young adults have traditionally been less integrated into the healthcare system, as they are more likely to be uninsured and less likely to have a usual source of care. [7] [8] [9] Provider specialty and both provider and patient perceptions of risk based on patient age, gender, race/ethnicity, or comorbidities may impact awareness and treatment as well. A recent study of adults with regularly scheduled physician visits who met clinical criteria for hypertension found that those who were ages 18-24 years vs. at least 60 years of age were 28 % less likely to have their hypertension diagnosed by their physician. 10 Moreover, young adults are less likely to receive information about lifestyle changes to address hypertension. 11 Often described as the "young invincibles," 12 young adults may also not consider themselves at risk for chronic diseases such as hypertension and cardiovascular disease (CVD0.
Identifying and treating hypertension in young adulthood may forestall development of adverse vascular changes that are harder to treat once present at older ages. Despite the importance of detection and treatment of hypertension in young adulthood, limited data exist on their prevalence and determinants. Much of what is known about the national prevalence of hypertension awareness, treatment, and control comes from NHANES, which includes a limited number of young adults. We aimed to describe rates of hypertension awareness and control in a large, racially and ethnically diverse, nationally representative cohort of more than 13,000 young adults aged 24-32 years participating in the National Longitudinal Study of Adolescent Health (Add health). In addition, we aimed to understand the impact of health insurance status, utilization of preventive care, and perception of health status on rates of hypertension awareness and control in this sample. We hypothesized that young adults with hypertension who were without health insurance, who had gone more than 2 years without preventive care, and who perceived themselves to be in excellent health would be less likely to be aware of their diagnosis, or to have their hypertension controlled even if aware.
METHODS
We used data from the fourth Wave of the National Longitudinal Study of Adolescent Health (n=15,701), a nationally representative school-based study of adolescents enrolled in grades 7-12 at initial recruitment (Wave I) in 1994-1995. Wave IV occurred in 2007-2008, when the participants were ages 24-32 years. Informed consent was obtained at Wave I and the study was approved by the Institutional Review Board at the University of North Carolina Chapel Hill 13 ; additional analyses were approved by the Boston Children's Hospital Office of Clinician Investigation. We excluded participants with missing data for sample weights (n=901) and those currently pregnant (n=487). We also excluded those with height < 58 inches or > 84 inches (n=219), weight <80 lb or > 440 lb (n=45), systolic blood pressure < 80 mmHg or > 200 mmHg (n=2), and diastolic blood pressure < 40 mmHg or > 120 mmHg (n=22), due to concerns about biologic plausibility or measurement error. In addition, we excluded those who had missing data for either the outcome variable or for any of the key independent variables (n=513). Because there was a high non-response rate for income (∼7 %), we imputed income by Gaussian normal regression to avoid selection bias. After this imputation and all exclusions, the final sample contained 13,512 young adults (86 % of Wave IV participants).
Outcome Measurements
Outcome Variables. Blood pressure was measured by trained Add Health field interviewers using an appropriately sized arm cuff and an automatic oscillometric monitor approved by the British Hypertension Society (BP 3MC1-PC_IB; MicroLife USA, Inc., Dunedin, FL).
14 Three blood pressure measurements were taken at 30-second intervals from the right arm with the patient in the resting, seated position after 5 minutes of rest. The second and third measurements were double-entered and then averaged to give the final blood pressure recorded. We classified participants as hypertensive if they had an average measured systolic blood pressure ≥ 140 mmHg, an average measured diastolic blood pressure ≥ 90 mmHg, or an affirmative response to the question "Has a doctor, nurse, or other health care provider ever told you that you have/had high blood pressure or hypertension (if female, added 'when you were not pregnant')?" We defined blood pressure control as an average measured systolic blood pressure < 140 mmHg and an average measured diastolic blood pressure < 90 mmHg (Fig. 1) . We assessed awareness of hypertension only among those with uncontrolled hypertension using the question above and control of blood pressure to goal only among those aware of having hypertension.
Primary Exposure Variables. We categorized health insurance status into uninsured, public insurance (Medicaid or Indian Health Service), or commercial insurance based on participant self-report. We defined recent preventive care as reporting seeing a health care provider for a routine check-up within the past 2 years. We categorized participants as having self-rated excellent health if they answered "excellent" when asked "In general, how is your health?" and collapsed the other response choices of "very good," "good," "fair," or "poor" into a referent category.
Additional Independent Variables. We constructed five racial/ethnic categories based on participant responses to two questions regarding racial identity and whether participants were of Hispanic/Latino origin: Asian/Pacific Islander, black/ African American, Hispanic, multi-racial/other, and white. We used participants' self-reported household income and household size to create income as a percentage of the poverty level in 2008, 15 and then categorized based on standards used in NHANES reporting. 5 We collapsed the highest level of education achieved as reported by the participant into four categories: less than high school, high school graduate, some college, and college graduate. We dichotomized tobacco use into current smoking (at least one cigarette in the past 30 days) vs. former/never smoking, and alcohol use into at least weekly use vs. less than weekly use based on participant self-report. We calculated body mass index (BMI = weight [kg]/height [m 2 ]) from measured weight and height when available (98 %) and from self-report in the small number of participants missing measured height and weight. We defined underweight as BMI < 18.5 kg/m 2 ; normal weight as BMI≥18.5 and < 25; Overweight as BMI≥25 and <30; and Obese as BMI≥30 using the Centers for Disease Control standard weight status categories. Due to the small number of underweight participants (n=203), we collapsed underweight and normal weight into one group. We defined use of a blood pressure lowering medication as taking a beta-blocker, calcium channel blocker, diuretic, angiotensin converting enzyme inhibitor, angiotensin II receptor blocker, anti-adrenergic, vasodilator, or antihypertensive combination medication in the past 4 weeks as inventoried in the home by the Add Health field interviewer using Lexicon Plus (Lexi-Comp, Inc., Hudson, OH). 14 
Statistical Analysis
All analysis was performed using STATA SE 12.1 (Stata Corporation, College Station, TX). Survey sampling weights were applied to account for the unequal likelihood of certain subpopulations being sampled. Bivariate analyses of the covariates of interest with the primary outcomes of hypertension awareness and control were done to test for significant relationships with chi-square tests for categorical variables and simple linear regression for continuous variables. We then created logistic regression models to identify the association of the covariates of interest with the primary outcomes, selecting variables known to be associated with the outcomes in prior literature. We present models including each predictor variable first adjusted for age and gender, and then adjusted for age, gender, time since last routine check-up, health insurance status, selfrated health, race/ethnicity, income as a % of the federal poverty level, highest educational level achieved, tobacco and alcohol use, and body mass index category.
RESULTS
Demographic characteristics of the sample are presented in Table 1 . The mean age was 29 years (standard error (SE) 0.1 years). Mean body mass index (BMI) was 28.8 kg/m 2 (SE 0.1), mean systolic blood pressure was 125 mmHg (S.E. 0.2), and mean diastolic blood pressure was 79 mmHg (SE 0.2); 1,410 (11 %) reported a history of hypertension and 2,531 (19.4 %) had a measured blood pressure in the hypertensive range, for an overall prevalence of hypertension of 25.5 %. The prevalence of hypertension was higher among participants who were older than 28 years (27.3 %), male (32.9 %), non-Hispanic black (28.7 %), current tobacco smokers (27.2 %), or obese (37.1 %), as well as those who reported an income less than 100 % of the federal poverty level (29.6 %) or a high school education or less (30 %). Participants who reported that their health was less than excellent were more likely to be hypertensive blood pressure ≥ 140 mmHg or an average measured diastolic blood pressure ≥ 90 mmHg or self-report of a history of hypertension. ‡Participants were asked, "Has a doctor, nurse, or other health care provider ever told you that you have/had high blood pressure or hypertension (if female, added 'when you were not pregnant')?" Those who answered "no" were considered unaware and those who answered "yes" were considered aware. §We defined blood pressure control as an average measured systolic blood pressure ≤ 140 mmHg and an average measured diastolic blood pressure ≤ 90 mmHg among those aware of having hypertension.
(27.6 %) compared to those with self-reported excellent health (16.6 %). The prevalence of hypertension was higher among those who were uninsured (27.7 %) compared to those with private health insurance (24.8 %). 2,531 (76.2 %) of the 3,303 young adults with hypertension had uncontrolled hypertension, and 1,893 (74.9 %) of those with uncontrolled hypertension were unaware that they had elevated blood pressure (Fig. 1) . In unadjusted analyses, the prevalence of hypertension awareness among those with uncontrolled hypertension was highest among females, non-Hispanic blacks, those who did not drink alcohol regularly, who were obese, who rated their health as less than excellent, who reported a recent preventive care visit, and those with public health insurance ( Table 2 ). In the multivariate model adjusted for sociodemographic and clinical features, the associations between hypertension awareness and preventive care utilization and self-rated health status were only modestly attenuated compared to models adjusted for age and gender alone (Table 3) . Participants who had had routine preventive care in the past 2 years were 2.4 times more likely than those without a preventive care visit to be aware of their uncontrolled hypertension (95 % confidence interval (CI): 1.68-3.55).
Young adults who believed they were in excellent health were 64 % less likely (OR 0.36, 95 % CI: 0.23-0.57) to be aware they had hypertension compared to those who reported their health as less than excellent.
To examine whether awareness was associated with severity of blood pressure elevation, we conducted a secondary analysis restricting cases to the 458 young adults with Stage II hypertension (SBP ≥ 160 or DBP ≥ 100). Although a higher rate of awareness was found among those with Stage II hypertension (42 %) compared to those with uncontrolled hypertension in general, 267 of the 458 young adults with very elevated blood pressures were unaware they had hypertension. Correlates of awareness of Stage II hypertension were similar to those observed for overall hypertension. In models adjusted for all sociodemographic and clinical variables, individuals with stage II hypertension who had (vs. didn't have) a recent preventive care visit were more likely to report a history of hypertension (adjusted odds ratio (OR) 2.08, 95 % CI 1.13-3.82), while those with self-rated excellent health were less likely to report a history of hypertension than those reporting less than excellent health (adjusted OR 0.27, 95 % CI 0.08-0.96).
Only 772 (55.4 %) of the 1,410 participants who were aware of having hypertension had their blood pressure controlled to goal levels. In unadjusted analyses, blood pressure control was more common in females (60.2 %) than males (52.2 %). Although hypertension prevalence was higher with higher with weight status, control was more likely among those of normal weight (67.4 %) compared to those who were obese (50.6 %). Neither recent preventive 
DISCUSSION
The results of this study demonstrate that hypertension and hypertension unawareness are common in the young adult population. One-quarter of participants in this nationally representative sample of over 13,000 young adults had hypertension, but 76 % did not have their blood pressure adequately controlled, and three-quarters of them were unaware they had elevated blood pressure. While the rates of hypertension awareness were higher among young adults with stage II hypertension, perhaps reflecting providers' increased willingness to diagnose hypertension in young people with significantly elevated blood pressures, the majority of those in this higher risk group were also unaware. Given that markers of preclinical CVD, such as left ventricular hypertrophy, increased arterial stiffness, and increased carotid intima-medial thickness are more likely to be present in pre-hypertensive and hypertensive young adults relative to their normotensive counterparts, 16 lack of hypertension awareness and control in young adults may have significant clinical impact in terms of increasing rates of myocardial infarction, stroke, congestive heart failure, and kidney failure as this population ages. The prevalence of measured hypertension observed in the Add Health cohort is greater than the 4 % prevalence seen in a similar age group in the NHANES population, 14 although rates of hypertension unawareness are high in both cohorts. 6 Add Health used an oscillometric device whereas blood pressure is auscultated for NHANES participants. The algorithm for the device used in Add Health has been rigorously validated 17 and the reliability of the Add Health measurement protocol has been established.
14 Furthermore, the prevalence of measured hypertension in Add Health is similar to rates of hypertension in young adults in other countries. 18 However, it is unclear whether population estimates from Add Health or NHANES are closer to the true prevalence of hypertension in American young adults. While some regression to the mean is expected in repeated measurements of blood pressure over time, in one study of young men ages 23-41 years, of whom 34 % were hypertensive at enrollment, 24 % of all participants remained hypertensive after 5 years of follow-up. 19 Thus, it is likely that a proportion of those participants who measured hypertensive in Add Health will have persistent hypertension, but the exact number is unknown.
Hypertension awareness was about two-fold higher in young adults who had seen a provider for routine health care in the past 2 years. This finding is similar to associations found in studies of all adults aged ≥ years 18 in NHANES. 5, 20 The Affordable Care Act, which allows individuals under age 26 to be covered as dependents under their parents' insurance 21 and requires preventive services be provided without any co-payment, holds promise for improving rates of screening, diagnosis, and treatment of CVD risk factors in young adults. However, additional efforts to keep youth connected to the health care system as they leave their pediatric medical home and transition to adulthood will likely be required as well. 22 Public health campaigns should continue to raise awareness that medical problems such as hypertension can start early in life and not cause symptoms.
Only female sex and non-obese weight status were associated with control of hypertension to goal levels among those young adults reporting a history of hypertension. Being on a medication known to treat blood pressure was not associated with greater odds of blood pressure control, which may reflect sub-optimal compliance with medications in this age group. 8, 23 While we were unable to assess whether the participants received lifestyle counseling for any health problems, there is evidence from prior studies that young adults with hypertension 11 and young adults in general 24 are unlikely to receive counseling regarding healthy diet and exercise. Strategies to increase both prescription of and adherence to lifestyle recommendations and medication therapies are likely needed to improve blood pressure control in this age group.
Our study has several strengths. Add Health is a large, nationally representative cohort and contains greater numbers of young adults with greater racial and ethnic diversity than in NHANES, from which most of the previous literature on blood pressure awareness and control in young adults has been derived. Moreover, due to its focus on adolescents and young adults, we were able to examine factors that are especially germane to young adults, such as self-rated health status and attendance at routine preventive care visits. However, our study has several important limitations. Having been told one had hypertension was based on self-report and thus is subject to either underreporting or over-reporting. Given that we assessed young adults' own awareness of having hypertension, not clinician reports, we cannot distinguish between patient and provider factors leading to lack of awareness in this study. Because participants were not asked why they were taking medica- tions during the medication inventory, we cannot be sure that medications were prescribed for blood pressure control as opposed to other indications, and we do not have data on medication compliance. Finally, because this is a crosssectional observational study, one should not assume that the associations between preventive care, self-rated health status, and hypertension awareness or control are causal.
In conclusion, hypertension was relatively common in this large nationally representative sample of young adults. The majority of young adults with hypertension were unaware of their elevated blood pressure and rates of blood pressure control were substantially worse than those seen in older adults. Efforts to increase detection and treatment of hypertension should address young adults' access to routine preventive health care and perception of their need for such care.
